Dendritic integration plays a key role in the way information is processed by nerve cells. The large motion-sensitive interneurons of the fly appear to be most appropriate for an investigation of this process. These cells are known to receive input from numerous local motion-sensitive elements and to control visually-guided optomotor responses (e.g., Trends Neurosci., 11 (1988) 
An experimental analysis of dendritic integration often suffers from the problem that it is usually not possible to place excitatory as well as inhibitory input signals onto the dendrite at deliberate locations. However, this can easily be done in the large motion-sensitive interneurons in the third visual ganglion of the blowfly Calliphora erythrocephala. These neurons spatially pool the output signals of several hundreds of local, motion-sensitive elements [2, 4, 10] . On each side of the brain there reside about 50 large-field neurons. They can be identified individually by their unique anatomical and physiological properties. This allows to repeat an experiment with the same cell in different animals. Due to their retinotopic input organization, selected branches of the dendrites can be stimulated in vivo by visual motion in the respective parts of their receptive field. Since these cells are directionally selective, excitatory as well as inhibitory stimuli can be applied by displaying motion in the preferred or null direction, respectively.
Two properties of the fly's motion vision system are generally attributed to these cells: (i) The output of the optomotor system spatially integrates over local motionCorrespondence: J. Haag, Max-Planck-Institut for biologische Kybernetik, Spemannstrasse 38, W-7400 Tiibingen, FRG.
sensitive elements from different parts of the visual field in a highly nonlinear way. The non-linearity makes the response largely independent of the stimulus size. Nevertheless, the system is still able to respond to changes in e.g. stimulus velocity [3, 9, 13, 22] . (ii) The local motionsensitive elements consist of two mirror-symmetrical subunits with opposite preferred directions. They most likely converge with excitatory and inhibitory synapses on the large-field cells, respectively [2, 8] . According to theoretical analysis the system would acquire the largest possible direction selectivity if the signals of these subunits are subtracted from each other in a linear way [2, 6] .
The present paper shows that the large-field cells in the fly's third visual ganglion acquire both of these computational properties by surprisingly simple means. The experimental analysis is done on the VS cells. The 11 VS cells represent one subpopulation of the large-field neurons [13, 14] . They have a simple T-shaped anatomy ( Fig. 1) and are depolarized by downward motion and hyperpolarized by upward motion in a graded way. The depolarizing phase may be superimposed by spike-like activity [12, 13] .
In the first experiment, the spatial sensitivity distribution of the VS cells was determined by stimulating them with motion in either preferred or null direction pre- sented in one out of four vertically displaced locations (see Fig. 1 ). Their sensitivity is largest for motion in field 2 and smallest for motion in field 4 ( Fig. 2A) . These data will now be used to compare the responses to simultaneous motion stimulation in two fields with the linear superposition of the responses induced by each of the stimulus constituents. The difference between the measured responses and the responses 'predicted' in this way represents a measure of the nonlinearity of the underlying synaptic interactions. In the present experiments pairwise stimulation was restricted to fields 1-3. For composite stimuli consisting of two excitatory motion fields, the measured response is always smaller than the sum of the individual response components (Fig. 2B) . The deviation from the sum is the larger, the smaller the distance between the stimuli and thus the closer the activated dendritic areas (Fig. 2C) . These results are expected if it is assumed that the synapses are not connected to the main dendritic trunk via high resistance connections. Then, activation of one synaptic site should change the driving force as well as the input impedance at neighboring dendritic locations, leading to nonlinear synaptic interactions when both synaptic sites are activated simultaneously. Of course, these interactions should decrease with increasing electrotonic distance between the synaptic sites (see e.g. refs. 1, 15, 16, 18, 19, 21) . For composite stimuli consisting of excitatory and inhibitory stimuli, the measured responses are also smaller than the sum of corresponding responses to motion of the stimulus constituents (Fig. 2D,E) . However, these differences are considerably smaller than during stimulation with two excitatory stimuli. Hence, excitatory and inhibitory stimuli superimpose almost linearly, independent of their relative position. Such a behavior is expected from a passive dendritic tree if the equilibrium potentials for the respective excitatory and inhibitory inputs are quite symmetrical with respect to the resting potential [17] . This is likely to be the case in the VS cells because with an average value of about 38 + 3 mV as measured in axon and also in main dendritic branch the resting potentials of these cells are comparatively low (see also ref. 13) . This is to say that similar driving forces can be realized for both excitatory and inhibitory synaptic input.
In another experiment, the response of the VS cells was determined as a function of the number of stimulus fields in which a pattern was moving either in the cell's preferred or null direction. This was done at two pattern velocities. For all stimulus conditions the membrane potential change increases with an increasing number of stimulated fields (Fig. 3) . The increase is significantly below the sum of the components and can be fitted by saturation curves. Two aspects of these data are particularly noteworthy. (i) The corresponding data for motion in preferred and null direction are about symmetrical around the resting potential. This again substantiates that the excitatory and inhibitory synaptic currents of the 
VS cells are driven by similar electromotive forces. (ii)
The saturation curves that can be fitted to the data obtained at different pattern velocities do not approach the same saturation plateau but level off at different plateaus. Hence, the response amplitudes of the VS cells, as of other cells in the third visual ganglion of the fly [9] and the behaviorally determined optomotor responses [22] , tend to be relatively invariant to changes in the size of the stimulus pattern. Nevertheless, they still code for changes in other stimulus parameters such as pattern velocity. This important property of the VS cell cannot simply be a consequence of synaptic saturation, since then the response curves should approach a common saturation level irrespective of pattern velocity. A possible explanation arises from the fact that the large-field cells receive their input from two types of local motion-sensitive elements with opposite preferred directions via excitatory and inhibitory synapses [2, 5, 8] . As a consequence of the low direction selectivity of the retinotopic input elements, preferred direction motion, for instance, excites not only the excitatory but also, to a smaller extent, the inhibitory input channels [5] . Therefore, the membrane potential is expected to saturate with an increasing number of activated input synapses at a value which corresponds to a mixture of the equilibrium potentials of both excitatory and inhibitory membrane channels [20] . Since the degree of direction selectivity of the input elements depends on stimulus parameters such as velocity [6] , the mixed reversal potential and, accordingly, the saturation level of the cell is expected to change along with them just in accordance with the present experimental results.
In conclusion, the specific membrane properties of the VS cells and the nature of their synaptic input allow them to achieve three important properties of the optomotor pathway: ( 
